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1
SENSOR APPARATUS

FIELD OF THE INVENTION

The present invention relates to a sensor apparatus.

BACKGROUND OF THE INVENTION

Conventionally, an internal combustion engine such as a
gasoline engine is provided with a camshaft for opening and
closing valves. There is known a camshaft that can axially
move depending on the engine operating condition. As a
sensor apparatus for detecting the position of the axially
movable camshaft, there is provided a sensor apparatus
including a position sensor arranged in an opposing relation-
ship with the outer circumferential surface of a camshaft (see,
e.g., JP2001-65371A).

In this sensor apparatus, if the camshaft is misaligned in a
radial direction, the distance between the camshaft and the
position sensor is deviated from a predetermined design
value, thereby generating an error in a position detection
signal outputted from the position sensor. As a result, the
sensor apparatus of the prior art example mentioned above
may possibly be incapable of accurately detecting the axial
position of the camshaft if there occurs radial misalignment
of the camshaft.

SUMMARY OF THE INVENTION

In view of the above, the present invention provides a
sensor apparatus capable of accurately detecting the position
of a camshaft by reducing the influence of radial misalign-
ment of the camshaft.

In accordance with an embodiment of the present inven-
tion, there is provided a sensor apparatus for detecting a
position of an axially movable camshaft, including: a coil
block including a detection coil wound along an axial direc-
tion of the camshaft to define a bore into which the camshaft
is inserted; and a control unit electrically connected to the
detection coil and designed to output a signal based on a
change in inductance of the detection coil.

Further, the coil block may include a single coil block and
the control unit may include a plurality of control units, the
detection coil of the coil block being connected to the control
units.

Furthermore, the sensor apparatus may include a hollow
box-shaped housing for accommodating the control unit, the
housing having an opening; and a cover arranged to cover the
opening of the housing, the coil block and the cover being
welded to the housing.

With the present invention, it is possible to provide a sensor
apparatus capable of accurately detecting the position of a
camshaft by reducing the influence of radial misalignment of
the camshaft.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will
become apparent from the following description of a pre-
ferred embodiment, given in conjunction with the accompa-
nying drawings, in which:

FIG. 1 is an exploded perspective view showing a sensor
apparatus in accordance with one embodiment of the present
invention; and

FIG. 2 is a section view of the sensor apparatus shown in
FIG. 1.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, one embodiment of the present invention will
be described with reference to the accompanying drawings.

A sensor apparatus according to the present embodiment is
used to detect the position of a camshaft that can axially move
depending on the operating condition of an engine.

Referring to FIG. 1, the sensor apparatus of the present
embodiment includes a coil block 2, a control board 3 and a
case 1 for accommodating the coil block 2 and the control
board 3. In the following description, an up-down direction, a
left-right direction and a front-rear direction orthogonal to
both directions will be defined on the basis of the directions
shown in FIG. 1.

The case 1 includes a hollow box-shaped case body 11 with
an open lower surface, a case cover 12 arranged to cover the
lower surface of the case body 11 and a generally cylindrical
receiving body 13 arranged upright on the upper surface of
the case body 11.

The case body 11 is formed into a generally rectangular
hollow box-shape and is provided with flange portions 11a of
generally triangular plate shape protruding from the left and
right side surfaces of the case body 11. Insertion holes 115
extending in the up-down direction are formed in the flange
portions 11a. The case 1 is threadedly fixed to an installation
surface (not shown) by screws (not shown) passing through
the insertion holes 115.

As shown in FIG. 2, a cylindrical columnar protrusion 11¢
is formed substantially at the center of the upper surface ofthe
case body 11 to extend downwards within the case body 11. A
cylindrical columnar projection 114 having a diameter
smaller than that of the protrusion 11¢ protrudes from the tip
end surface of the protrusion 11c.

A rectangular box-shaped connector coupling portion 111
is integrally formed with the front surface of the case body 11.
The connector coupling portion 111 has a recess (not shown)
formed on one surface thereof. Contact terminals (not shown)
to be electrically connected to the control board 3 are
arranged side by side within the recess.

The case cover 12 is formed into a rectangular plate shape
and has a shoulder portion 12a formed in the peripheral edge
area ofthe upper surface ofthe case cover 12. After the control
board 3 is accommodated within the case body 11, the case
cover 12 is attached to the case body 11 to cover the opening
of'the latter. In this regard, the case body 11 has a step portion
lie formed in the peripheral edge area of the opening. The
shoulder 12a of the case cover 12 is fitted to the step portion
lie of the case body 11. Then, the case body 11 and the case
cover 12 are fixed together by laser welding. This makes it
possible to prevent water or dirt from infiltrating into the case
body 11 through the opening of the case body 11.

The receiving body 13 is formed into a generally cylindri-
cal shape with an upper surface thereof opened. The receiving
body 13 is arranged upright on the upper surface of the case
body 11. A portion of the circumferential wall of the receiving
body 13 protrudes outwards over an extent from one end to
the other end (namely, from the upper end to the lower end in
FIG. 1), thereby defining an axially-extending engagement
groove 13a on the inner circumferential surface of the receiv-
ing body 13.

The coil block 2 includes a generally cylindrical coil bob-
bin 21 made of synthetic resin and a detection coil 22 wound
around the outer circumferential surface of the coil bobbin 21.

The coil bobbin 21 is formed into a generally cylindrical
shape with one end surface thereof opened. A radially-de-
pressed coil winding portion 214 is formed over a specified
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axial extent of the outer circumferential surface of the coil
bobbin 21 to extend along the full circumference of the coil
bobbin 21. A flange portion 215 extends outwards from the
peripheral edge (the upper end in FIG. 1) of the opening of the
coil bobbin 21.

The coil block 2 is inserted into the receiving body 13 at the
bottom surface side of the coil bobbin 21. The coil bobbin 21
can be inserted to a position where the lower surface of the
flange portion 215 makes contact with the upper end of the
receiving body 13, during which time an engagement protru-
sion (not shown) formed on the outer circumferential surface
of the coil bobbin 21 makes sliding movement along the
engagement groove 13a of the receiving body 13. Thereafter,
the flange portion 21d is laser-welded to the receiving body
13, as a result of which the coil block 2 is fixed to the case 1.
This makes it possible to prevent water from infiltrating into
a gap between the coil block 2 and the receiving body 13 and
into the case body 11, thereby providing a water-proof struc-
ture for protection of the detection coil 22 and the control
board 3.

The control board 3, which includes a printed board of
rectangular plate shape and circuit elements mounted to the
printed board, is arranged within the case body 11. In this
regard, the control board 3 has an insertion hole 3a formed
substantially at the center thereof. The control board 3 is
positioned with respect to the case body 11 by inserting the
projection 114 of the case body 11 into the insertion hole 3a
of the control board 3. The control board 3 is electrically
connected to the end portions of the detection coil 22 through,
e.g., lead lines.

The sensor apparatus of the present embodiment config-
ured as above is arranged such that the axis of a cylindrical
columnar camshaft 4 and the axis of the coil bobbin 21 of the
coil block 2 exists on the same line. In this regard, a step
portion 4a is formed in the peripheral area of the tip end of the
camshaft 4. The step portion 4aq is fitted to one end of a bore
of'an aluminum pipe 5. As the camshaft 4 moves in the axial
direction, the axial insertion length of the aluminum pipe 5
with respect to the bore of the coil bobbin 21 is changed,
consequently changing the inductance of the detection coil
22. While the aluminum pipe 5 coupled to the camshaft 4 is
inserted into the coil bobbin 21 in the present embodiment,
the camshaft 4 may be directly inserted into the coil bobbin
21.

The control board 3 detects the change in inductance and
generates a position detection signal indicating the position of
the camshaft 4 based on the inductance change. The position
detection signal is outputted to a control unit (not shown) such
as an engine control unit (ECU) or the like.

As described above, the sensor apparatus of the present
embodiment is configured to detect the axial position of the
camshaft 4 based on the axial insertion length of the alumi-
num pipe 5 with respect to the coil bobbin 21, the aluminum
pipe 5 axially moving together with the camshaft 4. Since the
axial insertion length of the aluminum pipe 5 is not changed
even when the camshaft 4 is misaligned in the radial direction,
the sensor apparatus of the present embodiment can accu-
rately detect the position of the camshaft 4 by reducing the
influence of radial misalignment of the camshaft 4.

While the sensor apparatus of the present embodiment
includes a single control board 3, it may be provided with a
plurality of control boards 3. In this connection, the control
board 3 is designed to output two kinds of position detection
signals (a high signal and a low signal) based on the change in
inductance of the detection coil 22 which depends on the axial
position of the camshaft 4. For example, the sensor apparatus
may be provided with two control boards 3, in which case an
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OR circuit is connected to the output terminals of the control
boards 3. With this configuration, even if one of the control
boards 3 suffers from trouble and does not output a high
signal, the other control board 3 can act as a backup circuit
and can output a correct position detection signal.

The backup method that makes use of a plurality of control
boards 3 may be realized by other configurations than the OR
circuit configuration. Such a backup method is well-known in
the art and will not be described in detail.

While the invention has been shown and described with
respect to the embodiment, it will be understood by those
skilled in the art that various changes and modifications may
be made without departing from the scope of the invention as
defined in the following claims.

What is claimed is:

1. A sensor apparatus for detecting a position of an axially
movable camshaft, comprising:

a coil block including a coil bobbin into which the camshatt
is movably inserted along an axial direction of the cam-
shaft and a detection coil wound around an outer circum-
ferential surface of the coil bobbin along the axial direc-
tion of the camshaft;

a receiving body accommodating therein the coil block;
and

one or more control units, each of which is electrically
connected to the detection coil and designed to output a
detection signal of the position of the cam shaft based on
a change in inductance of the detection coil,

wherein the coil block further includes a flange portion
extending outwards from a peripheral edge of one end of
the coil bobbin and the flange portion is sealed to a
peripheral edge of one end of the receiving body to
thereby prevent water from infiltrating into a gap
between the coil block and the receiving body.

2. The apparatus of claim 1, wherein the number of the one
or more control units is at least two, and the detection coil is
connected to each of the at least two control units so that the
position of the camshaft is detected by using the detection
signal outputted from at least one of the at least two control
units.

3. The apparatus of claim 1, further comprising:

a hollow box-shaped housing accommodating the one or

more control units, the housing having an opening; and

a cover arranged to cover the opening of the housing,

wherein the coil block and the cover are welded to the
housing to thereby provide a water-proof structure for
protecting the detection coil and the one or more control
units.

4. The apparatus of claim 2, further comprising:

a hollow box-shaped housing accommodating the at least
two control units, the housing having an opening; and

a cover arranged to cover the opening of the housing,

wherein the coil block and the cover are welded to the
housing to thereby provide a water-proof structure for
protecting the detection coil and the at least two control
units.

5. The apparatus of claim 1, wherein the receiving body has
an engagement groove extending along the axial direction of
the camshaft, and

wherein the coil bobbin has an engagement protrusion
formed on the outer circumferential surface of the coil
bobbin so that the engagement protrusion is engaged
with the engagement groove.



US 9,383,185 B2
5

6. The apparatus of claim 1, wherein the flange portion is
sealed to the peripheral edge of the one end of the receiving
body by welding.



